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ABSTRACT
A simple model for the evolution of disc galaxies is presented. We adopt three numbers
from observations of the Milky Way disc, Σd the local surface mass density, rd the
stellar scale length (of the assumedly exponential disc) and vc the amplitude of the
(assumedly flat) rotation curve, and physically, the (local) dynamical Kennicutt star
formation prescription, standard chemical evolution equations assuming a Salpeter
IMF and a model for spectral evolution of stellar populations. We can determine the
detailed evolution of the model with only the addition of standard cosmological scalings
with time of the dimensional parameters. A surprising wealth of detailed specifications
follows from this prescription including the gaseous infall rate as a function of radius
and time, the distribution of stellar ages and metallicities with time and radius, surface
brightness profiles at different wavelengths, colours etc. Some of the detailed properties
are as follows: the global gas infall rate and the global star formation rate are almost
constant at 2−3M⊙yr
−1 and 2−4M⊙yr
−1 during the evolution of the disc. The present
day total mass in stars and in gas is 2.7×1010M⊙ and 9.5×10
9M⊙, respectively, and the
disc has an absolute K-band magnitude of −23.2. The present day stellar scale length
(normalised to 3kpc) in the K-band and is larger than at shorter wavelengths. At the
solar neighbourhood stars start to form ≈ 10Gyrs ago at an increasing rate peaking 4
billion years ago and then slowly declining in good agreement with observations. The
mean age of long lived stars at the solar neighbourhood is about 4Gyrs. The local
surface density of the stars and gas are 35 and 15M⊙pc
−2, respectively. The metallicity
distribution of the stars at the solar radius is narrow with a peak at [Z/Z⊙] = −0.1.
The present day metallicity gradient is −0.046dexkpc−1 and has been significantly
steeper in the past. Using a Chabrier IMF increases the luminosity of the model
and results in a steeper metallicity gradient. The local metallicity distribution is only
weakly affetcted. Different formulations for threshold densities for star formation have
been tested and lead to a truncation of the stellar disc at about 12kpc. Comparisons
with the current and local fossil evidence provides support for the model which can
then be used to assess other local disc galaxies, the evolution of disc galaxies in deep
optical surveys and also for theoretical investigations such as simulations of merging
disc galaxies.
Key words: methods: analytical – galaxies:disc – galaxies: formation – galaxies:
evolution – galaxies: fundamental parameters
1 INTRODUCTION
At the present time our knowledge of the current proper-
ties of nearby galaxies, including, especially our own Milky
Way, far exceeds our ability to model the prior evolution
of these systems. Working forwards in time starting with a
reasonable cosmological model and computing via ab initio
methods the evolution at high spatial resolution is a goal
⋆ E-mail:naab@ast.cam.ac.uk; jpo@ast.cam.ac.uk
being pursued by many research teams (e.g. Abadi et al.
2003a; Robertson et al. 2004, and references therein) and it
may ultimately be successful. However, the project is hand-
icapped by two potentially crippling inadequacies: insuffi-
cient numerical resolution and inadequate representation of
important physical processes. We shall attempt in this paper
to follow an alternative approach which is essentially the in-
verse of the paradigm described above. We will take as given
the present gross properties of our Galaxy: the disc surface
mass distribution is exponential and the rotation curve is
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flat. Using these and other properties of normal disc galax-
ies, we will see if we can construct a prior evolution that
ends in this state and is consistent with our knowledge of
cosmology. Then we can compare the results with our de-
tailed knowledge of the Galaxy, the distribution of stellar
ages and metallicities, to see if our hypothetical evolution-
ary path is consistent with the present observed state.
The dark matter, largely assembled into self gravitating
halos, we take as primary cosmological fact. The distribution
of halo masses roughly follows the Press-Schechter distribu-
tion
dN(m, t)
d lnm
=
(
2
π
)1/2 (n+ 3
6
)(
m
m∗(t)
)(n+3)/6)
× exp[(−m/2m∗(t))(n+3)/3] (1)
where n is the spectral index of the power spectrum
(Lacey & Cole 1994).
Thus, to a good approximation, the evolution of the
halo distribution can be computed when the evolution of the
nonlinear mass scale m∗(t) is known. This in turn is fixed by
the evolution of the linear power spectrum of perturbations
Pκ(t) ∝ κn since∫ κNL(t)
0
Pκ(t)πκ
2dκ = 1 (2)
defines the nonlinear wave number κNL and m∗(t) =
const. < ρ(t) > /κ3NL(t) at any given n.
Following Lacey & Cole (1994) we note that halos much
more massive (at some point in time) than m∗(t) are rare
and are being assembled by unusual merger events in iso-
lated high density regions and their number density is
rapidly increasing with time. But halos having m << m∗(t)
have been left behind. They live in lower density regions (or
else they would have been merged out of existence) and their
numbers are slowly declining.
At the present time the nonlinear halo mass scale is of
the order of 1014M⊙ but individual halos within which or-
dinary galaxies live are of order 1012M⊙. Thus, these have
either been merged into bigger systems (i.e. these halos are
now hosts of ’cluster galaxies’) which tend to be bulge domi-
nated, or else they live in a lower density ’field’ environment
and have prominent disc components. Hence if we consider
the halo of a system such as our own Milky Way the most
likely history was for it to have been assembled via mergers
until a time tf when its mass reached ≈ 1012M⊙ corre-
sponding to m∗(tf). Then it was, for whatever reason (most
likely the less than typical density of the larger region sur-
rounding it), side tracked from the cosmic merger dance and
survived, with a modest level of subsequent accretion, to the
present day. Thus, we take it to have been embedded in a
halo with virial velocity vvir which increased with the cosmic
typical values vvir(t) = v
∗
vir(t) during the merger phase of its
evolution until reaching its current value at tf after which
the galaxy entered its quiet evolutionary phase. The virial
velocity remained essentially constant at its present value.
The halo, however, still has grown in size and therefore in
mass. During the quiet evolutionary phase the gas within
the halo can cool and add to the central disc component
thereby increasing the inner circular velocity vc(r, t) due to
the increasing disc mass. For simplicity we take vc(r, t) to be
flat, independent of radius, in accordance with observations
of typical spirals and the idea that barygenic infall increases
the mass density in the inner parts of galaxies to approxi-
mately the level of the maximum of the dark matter rotation
curve (Flores et al. 1993).
Since disc galaxies now have close to exponential pro-
files and there exist several reasonable arguments for how
this came about (Mestel 1963; Fall & Efstathiou 1980; Gunn
1982; Dalcanton et al. 1997; Slyz et al. 2002), we will as-
sume that the total surface mass distribution was always
exponential with a scale length rd(t) scaling with the cir-
cular velocity as given by spherical infall theory rd(t) ∝
vvir(t)/H(t). This simple prescription suffices to specify the
infall of gas to the disc at all times in the past as a func-
tion of both time and radius. Then, if we couple this infall
rate with a model for star formation abstracted from ob-
servations by Kennicutt (1998), that at each radius 10% of
the gas is turned to stars per rotation period, and add a
standard treatment of chemical evolution, we have a com-
plete prescription for the evolution of the stellar and gaseous
components at every radius. It is amazing that this simple
model is able to successfully fit a large number of observa-
tional data.
Thus, to summarise, our assumptions are that, after
an initial formation period, the disc always maintains an
exponential profile with fixed central surface density in a
halo providing a flat rotation velocity and the star formation
follows a Kennicutt-law. The three numbers known from the
present, rd(t0),Σ0(t0), vc(t0) fix the final state with vvir(t)
and Σ0(t) held constant and rd(t) scaling with 1/H(t) (see
Ferguson et al. 2004 for observational evidence). At early
epochs (t < tf), when the scaling relation would give an un-
typically big and massive system (for the epoch), we simply
follow scaling laws of the typical halo at these earlier times.
Over the last decade chemical evolution models have
been used to explore the formation of the Galaxy and
successfully reproduce properties of the solar neighbour-
hood, abundance gradients, metallicitity distributions,
photometric properties etc. (e.g Beckman & Pagel
1989; Pardi & Ferrini 1994; Pagel & Tautvaisiene
1995; Prantzos & Aubert 1995; Chiappini et al. 1997;
Molla et al. 1997; Allen et al. 1998; Prantzos & Silk
1998; Portinari & Chiosi 1999; Boissier & Prantzos 1999;
Chang et al. 1999; Hou et al. 2000; Romano et al. 2000;
Matteucci & Chiappini 2001; Chiappini et al. 2001;
Chang et al. 2002; Casuso & Beckman 2004). Many of
these models define the infall rate as a function of time
and radius, e.g. exponential in time with e-folding time
scales increasing with radius (see e.g. Boissier & Prantzos
1999) or Gaussian-shaped infall rates (Prantzos & Silk
1998) to fit the local properties like gas surface density,
abundance gradients or the metallicity distribution. Some
authors have used cosmological scaling relations to asses
the possible range of present day disc properties. However,
the cosmological evolution of the discs with time, which is
governed by the infall rate (mostly exponential), has been
fixed to fit the present day properties. The infall rates were
not directly connected to the cosmological evolution (see
e.g. Jimenez et al. 1998; Boissier & Prantzos 2000).
In this paper we follow a different path. We assume
that the evolution of the infall rate onto the galaxy is fully
constrained by the cosmological model and the small set
c© 2002 RAS, MNRAS 000, 1–22
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of boundary conditions described above and investigate the
properties of the resulting galaxy. Those properties are then
compared to the Milky Way.We are aware that such a model
that is aimed to reproduce global properties of early type
discs will probably not be able to reproduce all detailed
observations our Galaxy like e.g. colour that depends on
the very recent star formation history. On the other side
as we consider the Milky Way being a typical spiral galaxy
the model has to be able to reproduce its global properties.
Given the small number of initial parameters and physical
processes involved it is surprising how well the model can
reproduce Milky Way properties.
The paper is structured as follows: A review of mea-
surement of the properties of the Milky Way that are used
to scale our model are given in Section 2. In Section 3 we de-
scribe the details of the model. We develop the scaling rela-
tions that determine the infall rate, describe the star forma-
tion rule used and the way we have implemented chemical
evolution. Our model predictions on the assembly history,
the metallicity, and photometric properties are compared to
the Milky Way properties in Section 4. The effect of changing
the IMF form Salpeter to Chabrier is investigated in Section
5. In Section 6 we investigate the influence of a threshold
value for star formation on the outer profiles of the disc and
in Section 7 we discuss our results and conclude.
2 PROPERTIES OF THE MILKY WAY
The model for disc galaxy evolution which will be described
in Section 3 needs three input parameters: the present day
scale length of the total disc surface density distribution
rd(t0), the central surface density of the disc Σd(t0), and
the circular velocity vc(t0) (assumed to be flat). In this pa-
per we restrict ourselves to a comparison with the Milky
Way. This approach has both advantages and disadvantages.
If we consider the Milky Way as a typical early type spiral
galaxy, any successful model should be able to reproduce the
gross properties of its disc. In particular the model has to be
able to reproduce data from the solar neighbourhood that
mainly depend on the integrated past star formation like the
gas and stellar surface mass density and the metallicities of
the gas and the stars. Other properties like the colour will
directly depend on the very recent star formation history
and might not be typical for the mean properties of early
type spiral galaxies. Measurements of global properties of
the Milky Way like total disc mass and total luminosity suf-
fer from large observational errors. Here the model can help
to constrain the data given that it is in agreement with the
solar neighbourhood observations.
In this Section we will review the latest observational
constraints on the three parameters that we will later use
as the input for our model: the scale length of the stellar
disc rd,∗, the circular velocity at the solar neighbourhood vc
and the total surface density of the disc Σd(t0) at the solar
radius r⊙.
2.1 Distribution of stars and gas
The stellar disc of the Milky Way is assumed to follow an
exponential surface density profile over a wide range in ra-
dius. Measurements of the scale length are in the range
rd,∗ ≈ 2.5 − 3.5kpc (see Sackett (1997) for a review). More
recent investigations report values above as well as below
3kpc, e.g. star counts from the 2MASS survey yield ≈ 3.3kpc
(Lo´pez-Corredoira et al. 2002) whereas Zheng et al. (2001)
get ≈ 2.75kpc based on direct HST observations of M stars.
For the model presented in this paper we therefore assume
a conservative value of rd,∗ = 3kpc. Several authors find
the exponential profile does not fit the outer parts of the
Galaxy. They find an edge (truncated stellar emissivity)
at 4 − 6kpc from the Sun (Robin et al. 1992; Ruphy et al.
1996; Freudenreich 1998). However, Lo´pez-Corredoira et al.
(2002) find no sign for a cut-off in the stellar disc at radii
r < 15kpc. Observations from other disc galaxies clearly
indicate an abrupt change in the slope of the stellar pro-
file in more than 60% of the observed disc galaxies at radii
of about 3 − 4 times the disc scale length (van der Kruit
1979; van der Kruit & Searle 1981a,b; Pohlen et al. 2000;
de Grijs et al. 2001). It has also been proposed that the
galactic disc might have an inner hole (Robin et al. 2003).
For the distance of the Sun from the galactic centre we
adopt r⊙ = 8kpc (Reid 1993) and for the local circular speed
we use v⊙ = 210kms
−1 (see Sackett (1997) for a review).
Both values are slightly lower but still in agreement with
the IAU standards for the galactocentric distance of the Sun
and the local circular velocity of r⊙ = 8.5 ± 1.1kpc and
v⊙ = 220± 20kms−1 (Kerr & Lynden-Bell 1986).
The radial distribution of atomic and molecular gas in
the Milky Way is shown in Fig. 5. The data from Dame
(1993) have been kindly provided by Thomas Dame. The H2
is more confined to the centre than theHI which can extend
to large radii at almost constant surface densities. This is a
global feature that is observed for external disc galaxies as
well (Young & Scoville 1991). The central depression in HI
seems to be common for early-type type disc galaxies like
the Milky Way or Andromeda, whereas only about half of
them shows a central depression in H2 (Young & Scoville
1991). We also note that the Galactic H2-distribution shows
a prominent peak at the centre (Sanders et al. 1984).
2.2 Local surface density
The most reliable measurements have been made for the to-
tal mass density within about 1kpc of the Galactic plane.
Kuijken & Gilmore (1989, 1991) used spatial and kinemat-
ical data of local dwarf stars to determine the vertical
gravitational potential and the total mass density (disc
+halo) to be 71±6M⊙pc−2 within 1.1kpc from the Galactic
plane near the Sun. Recently Holmberg & Flynn (2004) re-
ported a similar value for the total dynamical mass within
1.1kpc of 74± 6M⊙pc−2, 65± 6M⊙pc−2 within 0.8 kpc, and
41M⊙pc
−2 within 0.35 kpc. Siebert et al. (2003) determined
the total mass density within 0.8kpc to be 76+25−12M⊙pc
−2
and Korchagin et al. (2003) determined the dynamical mass
within 0.35kpc to be 42± 6M⊙pc−2.
The determination of which fraction of the matter
resides in a flattened disc component or in a flattened
or spheroidal halo depends on further assumptions, e.g
the disc scale length, the scale height, the galactocentric
distance of the Sun and the distribution of dark mat-
ter. Kuijken & Gilmore (1991) found a local disc surface
mass density of 48 ± 9M⊙pc−2 from modelling the Galac-
tic rotation curve. Some values determined by other stud-
c© 2002 RAS, MNRAS 000, 1–22
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ies depending on additional modelling are 84+29
−24M⊙pc
−2
(Bahcall et al. 1992), 52 ± 13M⊙pc−2 (Flynn & Fuchs
1994), or 67+47
−13M⊙pc
−2 (Siebert et al. 2003). Recently,
Holmberg & Flynn (2004) found 56±6M⊙pc−2 for their disc
model.
In contrast to dynamical measurements of the disc sur-
face density, direct observations of the stars at the solar
neighbourhood should be less dependent on additional as-
sumptions. Gould et al. (1996) and Zheng et al. (2001) used
HST observations of M stars in the Galactic disc to di-
rectly determine a surface density of 12.2 − 14.3M⊙pc−2.
Visible stars other than M stars contribute ≈ 15M⊙pc−2,
resulting in a total stellar surface density in the range of
≈ 27 − 30M⊙pc−2. Alternatively, star counts within 5pc
of the Sun using Hipparcos parallaxes (Jahreiß & Wielen
1997) combined with the observed vertical disc profile
(Zheng et al. 2001) give a similar number of 26.9M⊙pc
−2
(Binney & Evans 2001). With a local gas surface density
(the one we assume here is slightly higher than the one de-
rived by Dame 1993) of ≈ 13 − 14M⊙pc−2 (Bahcall et al.
1992; Olling & Merrifield 2001) the total mass density of
the disc would lie in the range of 40 − 44M⊙pc−2. Inter-
estingly, those measurements give surface densities that lie
significantly below the dynamical estimates. As the effect of
binary stars is supposed to be small (Gould et al. 1996) the
difference might be caused by undetected dead stellar rem-
nants and brown dwarfs. These we estimate to 5−7M⊙pc−2,
to give a total surface density of 45− 51M⊙pc−2.
Independent of which number is closer to the truth there
is a discrepancy between the amount of identified disc mat-
ter and the total column density within 1.1kpc of about
20 − 35M⊙pc−2 which could be attributed to a spheroidal
dark matter component. The exact amount of dark mat-
ter in the solar neighbourhood is unknown. Most authors
find no evidence for dark matter in the disc at the solar
radius (Kuijken & Gilmore 1991; Holmberg & Flynn 2004).
(However, taking the dynamical measurements and the di-
rect observations at face value 10− 15M⊙pc−2 could reside
in a dark disc component, see next Section)
Throughout the paper our model is constrained to have
a total mass surface density of the baryonic disc components
(stars + gas) within |z| < 1.1kpc at the solar radius r⊙ =
8kpc of 50M⊙pc
−2. The division between live stars, stellar
remnants and gas is determined by the computation.
3 THE MODEL FOR DISC GALAXY
EVOLUTION
In this Section we describe the theoretical framework we
need to model the formation and evolution of an early type
galactic disc.
3.1 Disc scalings
We assume that in the absence of star formation the gas in a
given halo would settle in a disc with an exponential surface
density
Σd(r, t) = Σ0(t) exp(−r/rd(t)), (3)
where the central surface density Σ0 and the scale length rd
change with time. The cumulative mass distribution of the
disc is
Md(r, t) =Md(t)(1− (1 + r/rd) exp(−r/rd)), (4)
where
Md(t) = 2πΣ0(t)r
2
d(t) (5)
is the total mass of the disc. In the limit of a thin disc its
rotational velocity is given by
v2d(r, t) = 4πGΣ0(t)rd(t)y(r, t)
2[I0(y)K0(y)−I1(y)K1(y)], (6)
where G is the gravitational constant, y(r, t) = r/(2rd(t))
and Ii(y) and Ki(y) are the modified Bessel functions of the
first and second kind (Freeman 1970). Real discs have a finite
thickness and a slightly lower rotation velocity. The effect is,
however, small and will not affect the results presented here.
The rotation velocity of the disc peaks at r2.2(t) = 2.15rd(t)
at a value of
v2d,2.2(t) = 0.774πGΣ0(t)rd(t) (7)
with y = 1.075 in Eqn. 6. The disc material within r2.2
accounts to 64.5% of the total mass of the disc (Eqn. 4). At
r2.2(t) the disc contributes a fraction of
fv(t) = vd,2.2(t)/vc(t) (8)
to the circular velocity vc(t) which is assumed to be con-
stant with radius. In general, fv can vary with time. The
exact value of fv for present day disc galaxies is still under
debate. If galactic discs were maximum then fv = 0.85±0.1
at r2.2 which seems to be close to correct for the Milky Way
(Sackett 1997). However, using data from nearby disc galax-
ies Courteau & Rix (1999) favour a value of fv = 0.6 ± 0.1
which is in good agreement with the value of fv = 0.63 de-
rived by Bottema (1993). Our adopted model has a present
day value of fv = 0.61 (see Fig. 1).
Using the above scalings we can estimate the total mass
in dark matter (assuming a spherical distribution, e.g. the
dark matter does not concentrate significantly in the disc)
inside r2.2 using
v2c = v
2
dm + v
2
d =
GMdm(r2.2)
r2.2
+ v2d. (9)
as
Mdm(r2.2) =
r2.2
G
v2c (1− f2v ) (10)
which gives 4.3 × 1010M⊙ (1.9 × 1010M⊙) for fv = 0.6
(fv = 0.85). Assuming a constant density of a spherical dark
matter halo up to the solar radius (Binney & Evans (2001)
argue that no halo with a cusp steeper than r−0.3 is viable)
we can estimate the column density within z1.1 = 1.1kpc
using
Σdm(r2.2) =
1
4πGr22.2
v2c (1− f2v )z1.1. (11)
With r2.2 = 6.6kpc, vc = 210kms
−1 and fv = 0.6 this
would result in a dark matter surface density of 26.4M⊙pc
−2
or 11.3M⊙pc
−2 for the maximum disc case (fv = 0.85)
and leave 45 − 60M⊙pc−2 for the disc itself, assuming the
Kuijken & Gilmore (1991) value of 71M⊙pc
−2 .
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Table 1. Predicted local properties of model and observations of the Milky Way at the solar neighbourhood
Observable Model Observed values Reference
Total surface density from stellar dynamics
|z| < 1.1kpc, [M⊙pc−2] 71 ± 6 Kuijken & Gilmore (1991)
74 ± 6 Holmberg & Flynn (2004)
|z| < 0.8kpc 76+25
−12 Siebert et al. (2003)
65 ± 6 Holmberg & Flynn (2004)
|z| < 0.35kpc 42 ± 6 Korchagin et al. (2003)
41 Holmberg & Flynn (2004)
Total disc surface density from disc modelling
[M⊙pc−2] 50 46 ± 9 Kuijken & Gilmore (1989)
48 ± 9 Kuijken & Gilmore (1991)
84+29
−24 Bahcall et al. (1992)
52± 13 Flynn & Fuchs (1994)
56 ± 6 Holmberg & Flynn (2004)
Surface density of visible stars from direct observations
[M⊙pc−2] 32 35 ± 5 Gilmore et al. (1989)
27 Gould et al. (1996)
30 Zheng et al. (2001)
Surface densities of stellar remnants
[M⊙pc−2] 3 2− 4 Mera et al. (1998)
Gas surface densities from direct observations
[M⊙pc−2] 15 8± 5 Dame (1993)
13− 14 Olling & Merrifield (2001)
Star formation rate
[M⊙pc−2Gyr−1] 6.4 2-10 Guesten & Mezger (1982)
3.5-5 Rana (1991)
Infall rate
[M⊙pc−2Gyr−1] 3.3
Luminosities
LB[LB⊙pc
−2] 38 20 ± 2 van der Kruit (1986)
LV [LV⊙pc
−2] 30 22.5± 3 Pagel (1997)
LK [LK⊙pc
−2] 59 68± 23 Kent et al. (1991)
Table 2. Some observed global properties of the Milky Way and model predictions
Observable Model Observed values Reference
Star formation rate [M⊙yr−1] 3.6 0.8 - 13 Rana (1991) for references
3.5-5 Rana (1991)
Infall rate [M⊙yr−1] 2.2 0.5 - 5 Braun & Thilker (2004)
Total luminosities
LB [LB⊙] 2.4 1.8± 3× 10
10 van der Kruit (1986)
LV [LV⊙] 1.9 (1.4 < LV⊙ < 2.1) × 10
10 van der Kruit (1986)
1.24× 1010 Bahcall & Soneira (1980)
2.1× 1010 Sackett (1997)
LK [LK⊙] 4.1 4.9× 10
10 Kent et al. (1991)
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3.2 Cosmological scalings
During the self-similar structure formation process, the time
evolution of the halo depends on the assumed cosmol-
ogy. In the spherical collapse model (Gunn & Gott 1972;
Bertschinger 1985; Cole & Lacey 1996) the virial radius rvir
and the virial mass Mvir (the mean density within rvir is
200ρcrit) of a halo with virial velocity vvir at any time t is
given approximately by
rvir(t) =
vvir(t)
10H(t)
; Mvir =
v3vir(t)
10GH(t)
(12)
with
H [z(t)] = H0[ΩΛ,0+(1−ΩΛ,0−Ω0)(1+z)2+Ω0(1+z)3]1/2, (13)
where H(z) is the Hubble parameter at redshift z (see also
Mao et al. (1998)). We chose h = 0.70 and Ω0 = 0.30 for a
closed universe as constrained recently byWMAP and SDSS
data (Tegmark & et al. 2004).
We assume that the formation and evolution of a typ-
ical disc galaxy proceeds in two phases. At early cosmic
times the galaxy follows the general cosmological evolution,
e.g. we have estimated the evolution of the circular velocity
by calculating the redshift at which the value of the Press-
Schechter mass function is maximum for a given halo mass
(Antonio Vale, private communication). In other words, we
take the peak circular velocity of the most common halo
at every epoch. At the time a halo reaches its present day
virial velocity the second phase starts which is the domi-
nant phase of disc growth. We assume that the halo decou-
ples from the general cosmological evolution and its virial
velocity will stay constant from then on:
vvir(t < tform) = vvir(t) of most common halo (14)
vvir(t > tform) = vvir(tform). (15)
We call this time the formation time tform of the halo. For
simplicity we assume that the virial velocity of the galaxy is
flat at all radii.
We now assume that the scale length rd of the gas disc
forming within a given halo is a fixed fraction fr of the virial
radius rvir of the halo,
rd(t < tform) = frrvir(t) = fr
vvir(t)
10H(t)
(16)
rd(t > tform) = fr
vvir(tform)
10H(t)
= rd(tform)
H(tform)
H(t)
. (17)
After its formation time the virial radius of the halo and
its total mass do still increase according to Eqn. 12. The
circular velocity, vc, at the inner parts of the halo is now
corrected for the disc component that is building up,
v2c (t > tform) = v
2
vir(tform) + v
2
d,2.2(t). (18)
For simplicity we do not take the effect of the adiabatic
contraction of the dark matter halo into account.
In the upper panel of Fig. 1 we show the evolution of
the circular velocity of the disc galaxy. Initially it follows
the evolution of the most common halo at every epoch. At
the formation time, tform ≈ 2.5Gyrs, the halo decouples
from the cosmological evolution and the circular velocity
increases due to growth of the disc to its present day value
of 210kms−1. As shown in the second panel of Fig. 1 the disc
scale length evolves according to Eqn. 16 and 17, assuming
fr = 1/70. This value has been chosen to guarantuee the the
final stellar scale length is 3kpc. The scaling implies that the
total disc angular momentum J(t) ∝Mdvcrd scales with the
expected angular momentum of the infalling gas.
Combining Eqns. 7, 8 and 16 we obtain an expression
for the evolution of the central surface density of the disc.
At times earlier than tform we keep fv = const. and let
the central surface density increase; after tform we keep the
central surface density fixed as the infalling gas will have
a too large angular momentum to fall to the centre. As a
result, fv will begin to increase as fv ∝ H−1/2:
Σ0(t < tform) =
1
0.774πG
f2v (t)
fr
10H(t)vvir(t), (19)
fv(t < tform) = const., (20)
and
Σ0(t > tform) = Σ0(tform), (21)
f2v (t > tform) = 0.774πG
frΣ0(tform)
10H(t)vc(t)
. (22)
In the third panel of Fig. 1 we show the evolution of the
central surface density of the disc. The system has been
scaled according to a present day total disc surface density
of 50M⊙pc
−2 at r = 8kpc, resulting in fv = 0.36 at tform (see
Section 2 for the parameters assumed for the Milky Way).
For times t < tform, fv has been kept fixed at this value, at
t > tform, fv is increasing according to Eqn. 22 to a present
day value of fv = 0.61 (see last panel in Fig. 1).
By now the total surface density profile of the disc is
known at any time (Eqn. 3). Therefore the surface density
of the infall rate is given by
ΣIFR(r, t) =
Σd(r, t+ dt)− Σd(r, t)
dt
. (23)
To summarise, the evolution of the infall rate of the disc
is fully constrained by three present day parameters: the
circular velocity of the disc, the disc scale length (defined
by fr), and the central surface density of the disc (defining
fv at tform).
3.3 Star formation law
At this point we have to include a model for star formation to
the model to follow the evolution of the stellar and gaseous
phase separately. After the gas within a halo has settled into
a disc it starts forming stars. Kennicutt (1998) has given
two alternative formulations that successfully describe the
relation between the averaged surface density of the star
formation rate (SFR) and the averaged total gas surface
density in observed disc galaxies. The first can empirically
be parametrised by a simple Schmidt-type law
ΣSFR ∝ Σngas, (24)
where on average n ≈ 1.4. The SFR surface density of indi-
vidual galaxies can, however, deviate by a factor of 7 from
this relation. The second formulation, which seems, empiri-
cally, equally valid, and is more physically motivated, is
ΣSFR ∝ Σgas
τdyn
, (25)
where τdyn is the dynamical time of the system (∝ Ω−1).
A law of this kind was predicted in case the passage of spi-
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Figure 1. Upper panel: Circular velocity vc of the model galaxy
versus cosmic time (solid line). The dashed line shows the peak
circular velocity of the most common halo at every epoch. The
galaxy halo reaches its final circular velocity (≈ 190kms−1) at
the formation time tform ≈ 2.5Gyrs (indicated by an arrow in
the lowest panel). Thereafter vc increases due to the growth of
the disc to its final value of vc = 210kms−1. Second panel: Evo-
lution of the scale length with cosmic time according to Eqns.
16 and 17, assuming fr = 1/70 (solid line). The dashed line for
comparison shows the evolution for r ∝ H−1. Third panel: Total
central surface density of the disc versus time according to Eqn.
19 and 21 scaled to the Milky Way value at t = tform and kept
constant thereafter. Lowest panel: Time evolution of fv (Eqns. 20
and 22).
ral arms plays an important role triggering star formation
(Wyse & Silk 1989). In the original formulation, Kennicutt
(1998) found that on average 21% of the available total gas
mass per orbit within the outer edge of the disc is trans-
formed into stars, or
ΣSFR = ǫ
Σgas
τorb
, (26)
where τorb = 2πrout/vc is the orbital period at the outer ra-
dius rout and ǫ ≈ 0.1 (Kennicutt 1998) is the star formation
efficiency. Alternatively this relation can be written as
τorb = ǫτgas, (27)
where τgas = Σgas/ΣSFR is the time scale for the depletion
of gas by star formation.
Throughout this paper we use a formulation based on
the local dynamical time (rotation period) of the system. At
every radius the surface density of the star formation rate is
given by
ΣSFR(r, t) = ǫ
Σgas(r, t)
τorb(r, t)
(28)
with
τorb(r, t) =
2πr
vc(t)
(29)
and a star formation efficiency of ǫ = 0.1. Wong & Blitz
(2002) have tested the validity of the above local formu-
lations, which were originally derived from disc averaged
data, for individual discs using azimuthally averaged data
of a sample of molecule-rich spirals. They find that the
parametrisations based on a local Schmidt-law and on the lo-
cal dynamical time of the systems are both consistent with
observations. Boissier et al. (2003) who in addition tested
one further parameterisation proposed by (Dopita & Ryder
1994)
ΣSFR = αΣ
n
gasΣ
m
T , (30)
where ΣT is the total surface density, that is sometimes used
in chemical evolution models (Matteucci & Chiappini 2001)
find a good agreement with the Milky Way data for all three
formulations (however with different values for the expo-
nents m and n than Dopita & Ryder (1994)). In particular,
they find a good agreement assuming a flat rotation curve
for the Milky Way.
It is not surprising that the above simple prescriptions
for star formation that depend on the gas density itself fit the
observed data reasonably well. All algorithms which main-
tain a relatively moderate ratio of gas to stars will lead to
the same results.
3.4 Chemical evolution
We follow the evolution of the model galaxies in independent
rings assuming no radial gas flows using a modified version of
the chemical evolution model of Ostriker & Tinsley (1975).
In every independent ring the change in gas surface density
Σg and surface density in stars Σs is given by
dΣg(r, t) = −ΣSFR(r, t)dt+Kins(r, t)dt
+Klate(r, t)dt+ ΣIFR(r, t)dt (31)
dΣs(r, t) = ΣSFR(r, t)dt−Kins(r, t)dt
−Klate(r, t)dt, (32)
where ΣSFR is the star formation rate per unit area (Eqn.
28) and ΣIFR is the rate of gas infall onto the galaxy per
unit area, as defined in Eqn. 28. Kins is the mass per unit
are in gas ejected from massive stars instantaneously, Klate
is the mass per unit area in gas ejected at later evolutionary
phases of low mass stars. They are defined as
Kins(r, t) = RinsΣSFR(r, t), (33)
Klate(r, t) =
∫ t
0
ΣSFR(t
′, r)W (t− t′)dt′. (34)
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Figure 2. Fraction of mass lost from a single burst population
of stars versus time according to Eqns. 33 and 34 for a Salpeter
IMF (solid line) which is a good approximations to the metal de-
pendent value of Bruzual & Charlot (2003) shown by the dashed
lines for 0.0001 < Z < 0.05.
Table 3. Input parameters for the Milky Way disc model
Input parameters
Solar radius r⊙ = 8kpc
Circular velocity at r⊙ vc = 210kms−1
Total disc surface density at r⊙ Σ⊙ = 50M⊙pc−2
Disc collapse fraction fr = 1/70
Star formation IMF Salpeter
Star formation efficiency ǫ = 0.1
Solar metallicity Z⊙ = 0.0126
Effective yield Y = 0.0095 − 0.0135
Z of infalling gas ZIF = 1× 10
−4 − 3.7× 10−3
Rins = 0.1 is the fraction of gas returned instantaneously to
the ISM from newborn massive stars andW (t) is a weighting
function defined as
W (t) = R∗
δ∗ − 1
τ0
(
τ0
t+ τ0
)δ∗
(35)
with R∗ = 0.3, δ∗ = 1.36, and τ0 = 1 × 108 assuming a
Salpeter (1955) IMF (Ciotti et al. 1991). This analytic ex-
pression is a good approximation (see Fig. 2) for the frac-
tion of returned gas for a single burst population to the
metal dependent values of the spectral evolution model by
Bruzual & Charlot (2003) that we have used to compute the
photometric properties of the model disc (see Section 4.4).
The evolution of the mass of metals in the gas zg follows
Σg(r, t)dzg = Y (1− zg(r, t))ΣSFR(r, t)dt
+(zIF − zg(r, t))ΣIFR(r, t)dt
+
∫ t′
0
[zg(r, t
′)− zg(r, t)]ΣSFR(r, t′)W (t− t′)dt′dt (36)
where Y , the yield, is the mass fraction of newly formed
metals of the total mass of gas returned to the ISM. zIF is
the metallicity of the infalling gas (see Section 4.3).
Figure 3. Upper panel: Time evolution of the total mass, the
mass in stars and the mass in gas for the model disc. Lower panel:
Time evolution of the total surface density, the stellar surface
density and the gas surface density at the solar radius.
4 MODEL PROPERTIES AND COMPARISON
TO THE MILKY WAY
In this section we present the properties of the galactic
model disc assuming the present day properties of the Milky
Way discussed in Section 2 and the evolutionary model of
Section 3. All input parameters are summarised in Table 3.
In addition, we compare the model disc to available global
and local observed properties of the Milky Way.
4.1 Mass assembly
The upper panel in Fig. 3 shows the evolution of the total
disc mass in gas and stars, respectively. The total mass of
the disc out to 26kpc is Mtot = 3.7 × 1010M⊙ with about
Mg = 9.5 × 109M⊙ in gas and Mtot = 2.7 × 1010M⊙ in
stars. These values are in good agreement with mass mod-
els for the Milky Way by Dehnen & Binney (1998) that
are based on observational constraints. For rd = 8kpc
and rd/r⊙ = 0.375 they would predict a total disc mass
(ISM + thick stellar disc + thin stellar disc) in the range
of 3 − 4.5 × 1010M⊙ depending on additional theoretical
constraints. Bahcall & Soneira (1980) estimated the stellar
mass of the disc to be 2.0 × 1010M⊙.
The time evolution of the local surface density is shown
in the lower plot in Fig. 3. The model has been normalised
to a present day total surface density of 50M⊙pc
−2. The gas
starts to assemble at the solar radius after 3Gyrs, and after
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Figure 4. Stellar surface density profiles (upper panel) and gas
surface density profiles (lower panel) at 2, 4, 6, 8, 10, 12, and 13.6
Gyrs (as indicated in Fig. 3 for the solar radius). The present day
profile is shown by the thick lines.
6Gyrs the local gas surface density stays almost constant at
its present day value of 15M⊙pc
−2 in good agreement with
the observed 13 − 14M⊙pc−2. The first stars at the solar
radius form after 4Gyrs followed by a steady increase to the
present day value of 35M⊙pc
−2 (with ≈ 3M⊙pc−2 invisible
in stellar remnants) resulting in ≈ 32M⊙pc−2 visible stars
which is only slightly higher than the value of 27−30M⊙pc−2
derived from direct observations of normal stars (see Section
2.2 for discussion).
The time evolution of the surface density profile for
stars and gas is shown in Fig. 4 and reveals the inside
out formation of the stellar disc, originally suggested by
Matteucci & Francois (1989). The stellar profile is always
close to exponential with increasing scale lengths with time.
The gas profile develops a central depression with an expo-
nential outer profile. The present day profiles are indicated
by thick lines. In Fig. 5 we show in addition the present
day total surface density profile, which is an exponential by
definition. The stellar profile is very close to exponential in
the outer parts, however, with a smaller scale length. The
gas is almost depleted at the centre. The surface density
is rapidly increasing with radius and reaches a maximum
at 7kpc. Thereafter it decreases almost exponentially with
a scale length significantly larger than the one of the stars
and of the total surface density. The gas distribution of the
model disc compares well with the observed one (lower panel
in Fig. 5). The peak, however, is at a slightly larger radius
(7kpc compared to the observed 5kpc). We have to note that
Figure 5. Upper plot: Final surface density distributions of the
total baryonic matter (dashed), stars (solid) and gas (dotted).
Lower plot: Observed surface density distribution for H2 (dotted
thin), HI (dot-dashed thin), and H2 +HI (solid thin) increased
by a factor of 1.4 to account for Helium and heavier elements. The
data has been kindly provided by Thomas Dame (Dame 1993).
The thick solid line is the model prediction for the total gas den-
sity. The thick dotted (thick dot-dashed) line indicates the model
prediction for H2 (HI) assuming ΣHI/ΣH2 ∝ r
−1 (Wong & Blitz
2002).
we did not explicitly include a central bulge (bar) compo-
nent to the model which might have a strong influence on the
evolution of the gas profile in the inner parts, e.g. star forma-
tion close to the centre might be suppressed and the Milky
Way bar might induce gas inflow towards the centre. There-
fore the profile at small radii is not to be over-interpreted. It
is, however, surprising that we get a reasonable fit without
a detailed modelling of the bulge. Of course, by assuming
a flat rotation curve into the centre we are, dynamically,
implicitly allowing for a steep bulge component since the
rotation due to the disc alone would be linear (vd ∝ r).
4.2 Infall and star formation history
The time evolution of the radial distribution of the surface
density of the star formation rate and the infall rate (see
Eqn. 23) for the modelled galactic disc leading to the inside
out formation is shown in Fig. 6. At early times the star for-
mation rate is centrally concentrated and can locally exceed
100M⊙pc
−2Gyr−1. At later evolutionary phases the gradi-
ent flattens and star formation occurs over a large range in
radius. In Fig. 7 we compare the time evolution of the infall
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Figure 6. Star formation rate (upper panel) and infall rate
(lower) versus radius. Data are shown at 2, 4, 6, 8, 10, 12, and
13.6 (thick line) Gyrs.
Figure 7. Infall rate of the model versus time at different radii.
rate at different radii. The evolution of the total star for-
mation and infall rate of the model galaxy is shown in the
upper plot of Fig. 8. Both distributions are very broad indi-
cating almost constant rates over a long period of time. The
star formation rate had its maximum ≈ 3Gyrs ago which is
in reasonably good agreement with star formation histories
of galaxies of a similar mass (peaks between 2 and 3 Gyrs)
determined by the analysis of the ’fossil record’ of nearby
galaxies (Heavens et al. 2004). The present day global value
is 3.6M⊙pc
−2Gyr−1.
The infall rate onto the galaxy over the last 10Gyrs
in the range of 2 − 4M⊙yr−1 varies only weakly and has
a present day value of 2.2M⊙yr
−1. This is in excellent
agreement with estimates of infall rates of 1 − 3M⊙yr−1
that would be able to compensate for the rapid molecular-
gas depletion in the Milky Way disc (Lacey & Fall 1985).
Observationally, a strong indication for the importance of
infall is the significant presence of Deuterium at the so-
lar neighbourhood (Linsky 2003) as well as at the galac-
tic centre (Lubowich et al. 2000). As Deuterium is de-
stroyed in stars and as there is no other known source
of deuterium in the Galaxy it is cosmological and of ex-
tragalactic origin (Ostriker & Tinsley 1975; Lubowich et al.
2000). Chemical evolution models that have followed the
evolution of Deuterium find values consistent with ob-
servations (Tosi et al. 1998; Chiappini et al. 2002). A sig-
nificant fraction of infalling low metallicity gas could be
high velocity clouds (HVCs) that have been accreted
onto the Milky Way disc and supply the ISM with Deu-
terium (Sembach et al. 2004). Inferred HVC infall rates
of between 0.5M⊙yr
−1 and 5M⊙yr
−1 (Wakker et al. 1999;
Blitz et al. 1999; Braun & Thilker 2004) are also in good
agreement with indirect evidence from recent chemical evo-
lution models that imply an average (and constant or
even slowly rising) accretion rate of ≈ 1 − 2M⊙yr−1 (see
e.g. Giovagnoli & Tosi (1995); Casuso & Beckman (2004)
and references therein). This is particularly interesting
as other successful models for the Milky Way use ex-
ponentially decreasing infall rates (Chiappini et al. 1997;
Boissier & Prantzos 1999).
Another independent estimate of the global infall
rate based on the type II supernovae rates of the Milky
Way of ≈ 2 − 5century−1 (e.g. Cappellaro et al. 1993;
van den Bergh & McClure 1994; Tammann et al. 1994;
Dragicevich et al. 1999) would result in a similar accretion
rate for a Salpeter IMF (Casuso & Beckman 2004). This
is in good agreement with the SNII rate derived from the
model of ≈ 2century−1.
The present day model values of the local SFR and IFR
surface density are 6.4M⊙pc
−2Gyr−1 and 3.3M⊙pc
−2Gyr−1
(lower panel in Fig. 8). For the last 8Gyrs the star formation
rate varies very little. In general the local SFR is in good
agreement with predictions from cosmologically motivated
models for disc formation following in detail the mass aggre-
gation history of dark matter halos similar to the one of the
Milky Way (Firmani & Avila-Reese 2000; Herna´ndez et al.
2001).
The absolute value of the star formation rate in the solar
neighbourhood is very difficult to determine observationally
and ranges from 2 − 10M⊙pc−2Gyr−1 (Guesten & Mezger
1982). For the model star formation at the solar ra-
dius started ≈ 10Gyrs ago. Observationally, Carraro et al.
(1999) have determined a similar lower limit of the age of
the galactic disc of 9− 10Gyrs from the ages of open clus-
ters. Binney et al. (2000) used Hipparchos observations of
main-sequence and sub-giant stars determine the age of the
solar neighbourhood to be 11.2±0.75 Gyr with a lower limit
of 9Gyr.
The ratio of the star formation rate to the mean
star formation rate is easier to measure than the abso-
lute star formation rate. According to the analysis by
Binney et al. (2000) the star formation rate at the solar
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neighbourhood has to have been very nearly constant (see
also Haywood et al. 1997). Bertelli & Nasi (2001) found a
star formation rate broadly increasing from past to the
present time by comparing synthetic colour-magnitude di-
agrams to observation of field stars from the Hipparchos
catalogue. Based on chromospheric activity in late type
dwarfs Barry (1988) has found first evidence for a secular
increase in the local star formation rate. Recent observa-
tions of the solar neighbourhood in deed favour a fluctuat-
ing history of the star formation rate with a slow secular
increase. Observations of the star formation rate history by
Rocha-Pinto et al. (2000a) based on the chromospheric age
distribution of nearby stars are shown in Fig. 9. For com-
parison to our model we discarded all the stars that have
observed ages older than the age of our model universe and
rescaled the mean SFR accordingly (Helio Rocha-Pinto, pri-
vate communication). Imagine that the oldest stars also have
the largest errors in the age determination. The observed
fluctuations on small time scales (0.5 Gyrs) over the recent
3Gyrs could have been triggered by the passage of spiral
waves (Hernandez et al. 2000). Rocha-Pinto et al. (2000b)
suggested close encounters with the the Magellanic clouds
to account for the intermittent nature of the star formation
rate and on scales of 1-3 Gyrs. The dashed line in Fig. 9
shows the predicted star formation rate history at the solar
radius. To mimic the observational error we convolved the
model data with an error of 0.1dex in age (solid line). It is
obvious that our model can not reproduce the intermittent
nature of the SFR as none of the possible physical origins
are included. Globally, however, our model follows the ob-
served trend for a secular increase in the SFR history very
well.
In Fig. 10 we show the mean age of the stars versus
radius at the present day. The mean stellar age of the disc is
5.4Gyrs in good agreement with the values of the thin disc
of 5 − 7Gyrs (Robin et al. 2003) and the mean age of the
stars at the solar neighbourhood is about 4Gyrs.
4.3 Metallicity evolution
Every successful model for the formation of the Milky
Way has to be able to reproduce the metallicity distri-
bution of stars at the solar neighbourhood. G and K
dwarfs, with lifetimes comparable or longer than the age
of the galactic disc, are good tracers of the star forma-
tion history and metal enrichment. It is now well es-
tablished that there is a local dearth of low metallic-
ity G- and, especially, lower mass K-stars, e.g. there are
less low metallicity disc stars than predicted by simple
closed box models for chemical evolution (van den Bergh
1962; Pagel & Patchett 1975; Tinsley 1980). In particu-
lar the distribution shows only a few stars at [Fe/H ] =
−0.4, rises steeply to a peak at [Fe/H ] ≈ −0.1 and falls
off thereafter (Pagel & Patchett 1975; Beckman & Pagel
1989; Sommer-Larsen 1991; Rocha-Pinto & Maciel 1996;
Jørgensen 2000; Nordstro¨m et al. 2004). Haywood (2001)
proposed a revised version of the local metallicity distribu-
tion with the peak shifted to solar metallicity. Infall of low
metallicity gas on long time scales has long been suggested
as a possible solution for the ’G-dwarf problem’ (Larson
1972; Lynden-Bell 1975; Pagel & Tautvaisiene 1995). As
mentioned before the infall hypothesis is particularly inter-
Figure 8. Upper panel: Evolution of the global star formation
rate (solid) and the global infall rate (dotted). Lower panel Lo-
cal star formation rate (solid) and infall rate at the solar radius
(dotted). The error bar indicates the observed range for the star
formation rate (Guesten & Mezger 1982).
Figure 9. Ratio of star formation rate over mean star formation
rate. The dashed line shows the raw model data, the solid line is
the model data assuming an error in the age determination of 0.1
dex. The observed values with error bars are shown by the black
symbols. Data from Rocha-Pinto et al. (2000a) have been kindly
provided by Helio Rocha-Pinto.
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Figure 10.Mean age of the present day stellar disc versus radius.
The mean age of the disc is 5.4Gyrs, the mean age at the solar
radius is 4Gyrs.
esting as it offers a natural explanation for the existence of
deuterium in the galactic disc which is destroyed by star
formation (Ostriker & Tinsley 1975; Wakker et al. 1999). It
has been suggested that the infall of high velocity clouds
might continuously supply the galactic disc with metal poor
gas. Recent observations have shown that the relatively high
metallicities of HVC of about 0.1 solar rule out primor-
diallity as well as a galactic origin (Sembach et al. 2004;
Wakker et al. 2003).
To follow the metallicity evolution of our model galaxy
we scaled the effective yield in Eqn. 36 to 0.1 dex below
the solar value at the solar radius ≈ 4.5Gyrs ago. Implic-
itly we assume that either the Sun has formed closer to
the centre where the metallicity was slightly higher and
moved outward thereafter probably due to orbital diffusion
(Wielen 1977) or that the Sun had a slightly higher than
typical metallicity representative of the ISM at the time
of its formation. A further uncertainty is the exact chem-
ical composition of the Sun. Recently Asplund et al. (2004)
have derived the solar oxygen abundance using a 3D time-
dependent hydrodynamical model of the solar atmosphere.
Their value of log ǫ(O) = 8.66 ± 0.05 for the oxygen abun-
dance and Z = 0.0126 for the solar metal mass fraction
is significantly lower than the most commonly used value
of log ǫO = 8.93 and, respectively, Z = 0.0194 derived by
Anders & Grevesse (1989). The lower value for the solar
metallicity is now in better agreement with the metallic-
ity of the local ISM (Meyer et al. 1998; Andre´ et al. 2003),
nearby B stars (Cunha & Lambert 1994; Kilian et al. 1994)
and nearby young G and F dwarfs (Sofia & Meyer 2001).
We used the solar metallicity value of Z⊙ = 0.0126
to scale our model to 0.1 dex below the solar metallicity
Z = Z⊙× 10−0.1 = 0.01 at solar radius 4.5Gyrs ago, result-
ing in an effective yield of Y = 0.0135. The effective yield
is significantly lower than in most previous studies as we
used the revised lower solar metallicity value for normalisa-
tion. For the traditional value of Z = 0.0196 we would have
needed an effective yield of Y = 0.02 if normalised to 0.1 dex
below solar or Y = 0.025 if normalised to solar metallicity
4.5Gyrs ago.
Fig. 11 shows the radial metallicity distribution of the
ISM of the model disc. The distribution after 2, 4, 6, 8, 10,
and 12Gyrs is indicated by the dotted lines. For compari-
Figure 11. Radial metallicity distribution of the gas after 2, 4, 6,
8, 10, 12 and 13.6 Gyrs (thick solid line). The two dotted straight
lines indicate a slope of −0.07dexkpc−1 and −0.04dexkpc−1. The
metallicity gradient has been steeper in the past. The present day
metallicity gradient of the stars is shown by the thick dot-dashed
line.
Figure 12. Time evolution of the mass weighted mean metallicity
of the stars (dashed line) and the gas (solid line). After z = 1.5
the stellar metallicity does not show a strong evolution.
son we also show the present day metallicty gradient of the
stars. At present time the metallicity gradient of the model
is about d log(Z)/dr = 0.046dexkpc−1 at the solar radius.
The metallicity gradient has been significantly steeper in the
past (especially in the inner parts of the disc) which is a typ-
ical result for models using the inside-out formation scenario
and has been proposed by several authors (Molla et al. 1997;
Portinari & Chiosi 1999; Hou et al. 2000; Chiappini et al.
2001). Observationally, the existence of a gradient is well
established. There is, however, considerable scatter in the
published values (see e.g. Chiappini et al. (2001) for a dis-
cussion). Our model value is on the lower end of the ob-
served abundance gradients of light elements, X, that are
in the range of −0.04 < d log(X/H)/dr < −0.08dexkpc−1
(see e.g Rolleston et al. (2000); Chiappini et al. (2001) and
references therein). Recently Esteban et al. (2004) have de-
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Figure 13. Age-metallicity distribution of the stars at the solar
radius for infalling gas with metallicities ZIF = 1×10
−4 (dashed),
ZIF = 0.1Z⊙ (dotted) and ZIF = Z⊙(0.3×10
−0.12z) (solid). The
effective yield has been normalised to log(Z/Z⊙) = −0.1 4.5Gyrs
ago, indicated by the asterisk. Observations shown for comparison
are Rocha-Pinto et al. (2000) - diamonds with error bars - and
Nordstro¨m et al. (2004) - solid dots with typical errors shown in
the lower part of the figure. Note that we did not fold the model
data with the observational error in this case.
termined the Oxygen gradient to d log(X/H)/dr < −0.044±
0.010dexkpc−1 In Fig. 12 we show the time evolution of the
mass weighted mean metallicity of the stars adn the gas
at all radii where the total surface density is larger than
1M⊙/pc
2. As we have continuous infall of low metallicity
gas and the high metallicity gas is depleted at the center
for most of the time the stellar metallicity is larger than the
metallicity of the gas (see e.g. Akerman et al. 2004). After
z = 1 the metallicity of the stars does not change signifi-
cantly. The total mass of the stars, however, does increase
by more than a factor of two (see Fig. 3).
The evolution of the metallicity of the ISM at the so-
lar radius, which is equivalent to the age-metallicity distri-
bution of the stars in the model, is shown in Fig. 13. We
have computed the evolution for three different assumptions
about the metallicity of the infalling gas ZIF: (a) constant
low metallicity not pre-enriched ZIF = 1 × 10−4, (b) con-
stant low metallicity enriched ZIF = 0.1Z⊙ which is consis-
tent with HVC and Lyα absorbers (Blitz et al. 1999), and
(c) a time dependent metallicity taken from cosmological
simulations, ZIF = 0.3Z⊙10
−0.12z , where z is the redshift
(Cen & Ostriker 1999), assuming a present day metallic-
ity of the infalling gas of 0.3Z⊙. In general the late evo-
lution is in good agreement with the age-metallicity distri-
bution of Rocha-Pinto et al. (2000). For ages larger than
8Gyrs the models with pre-enriched infall are more con-
sistent with observations. The age-metallicity relation pub-
lished by Nordstro¨m et al. (2004) indicates an almost con-
stant mean metallicity at all ages which might be a challenge
to the model, especially for very old stars (for ages larger
than 2.5Gyrs dots in Fig. 13). We note, however, that we
have only plotted the raw distribution and did not take er-
rors in the time nor in the metallicity determination into
account.
In the upper panel of Fig. 14 we show the observed
metallicity distribution of Rocha-Pinto & Maciel (1996),
Jørgensen (2000), and Nordstro¨m et al. (2004). In general
the distributions peak at values of −0.2 to −0.1 and shows
few or no stars below [Fe/H ] = −1. The dotted thin lines
in the lower panel of Fig.14 show the raw metallicity dis-
tributions of the model galaxy, binned according to obser-
vations, for the three different metallicities of the infalling
gas. The distributions are very similar and there is a very
good agreement between the theoretical and the most re-
cently observed distributions (see also Karatas et al. 2005).
Therefore pre-enrichment does not influence the local metal-
licity distribution in our model. The constant gas infall over
almost 10Gyrs determines the shape of the distribution.
For a better comparison to the observed distributions we
folded the average model data with a Gaussian with a dis-
persion of 0.15 dex, which is typical for observations by
Rocha-Pinto & Maciel (1996), an error of 0.1 dex would be
more typical for the Nordstro¨m et al. (2004) data. The re-
sulting distributions are shown by the solid and dashed lines
in the lower panel of Fig. 14. Independent of the assumed
error there is a very good agreement with observations of
the distribution of [Fe/H ]. Haywood (2001) has proposed a
revision of the metallicity distribution resulting in a shift of
the peak value to [Fe/H ] = 0 (shown as a mass fraction in
the lower panel of Fig. 14).
4.4 Photometric evolution
We use the metal dependent models for the spectral evo-
lution of stellar populations of Bruzual & Charlot (2003),
kindly provided by the authors, assuming a Salpeter IMF to
compute the photometric properties of our model galaxy.
Fig.15 shows the time evolution of the absolute mag-
nitudes, the total luminosities and the colours of the
model galaxy at different wavelengths. The total luminosi-
ties were calculated assuming absolute magnitudes for the
Sun of [K,H,R, V,B,U ] = [3.28, 3.32, 4.42, 4.83, 5.48, 5.61]
(Binney & Merrifield 1998). The absolute U and B magni-
tudes stay relatively constant after 6Gyrs reflecting the al-
most constant global star formation rate (Fig. 8). At longer
wavelengths the luminosity is slowly increasing due to the
mass assembly in the disc. The H-band magnitude of MH =
−23.0 (LH = 3.5× 1010L⊙,H) is in excellent agreement with
the value expected from the H-Band Tully-Fisher relation
of MH = −22.84 assuming vc = 210kms−1 (Pierce & Tully
1992). A direct comparison to the luminosity of the Milky
Way is more complicated as the photometrical determina-
tion of the total luminosity of the Galaxy is very difficult.
As a possible range Binney & Merrifield (1998) refer to ob-
served values of LK = 4.9 × 1010L⊙,K (Kent et al. 1991),
which is close to the model value of LK = 4.1 × 1010L⊙,K,
and LL = 2.2 × 1010L⊙,L (Freudenreich 1998). The values
have been corrected using the solar magnitudes given above
(see Binney & Merrifield 1998). The absolute V-band lumi-
nosity of the model is LV = 1.9× 1010L⊙,V which is within
the observed range of 1.4× 1010 < LV < 2.1× 1010L⊙,V by
van der Kruit (1986) and slightly higher than the observed
unobscured value of LV = 1.25 × 1010L⊙,V (MV = −20.4)
(Bahcall & Soneira 1980). Note that uncertain dust correc-
tions are important in fixing the observed value. The sur-
face brightness profiles at different wavelengths are shown
in the upper panel of Fig. 16. Two observed values in
the K- and B-band at the solar radius are overplotted
(Binney & Merrifield 1998). The middle panel shows the
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Figure 14. Upper panel: Observed metallicity distributions of
Rocha-Pinto & Maciel (1996) (dashed), Jørgensen (2000) (solid)
and Nordstro¨m et al. (2004) (dotted). Lower panel: The thin dot-
ted lines show the (almost identical) binned mean raw metallicity
distribution of model galaxy for the models with the three dif-
ferent infall metallicities (See Fig. 13). The solid line shows the
average binned model distribution assuming an error of 0.15 dex
in the metallicity determination.
corresponding luminosity density profiles using the solar
magnitudes given above. All profiles are exponential in the
outer parts and flatten out towards the centre. The present
day colour profiles are shown in the lower panel of Fig. 16.
The galaxy get redder at the centre which is a combined ef-
fect of increasing metallicities (Fig. 11) and increasing stellar
ages towards the centre (see Fig. 10). The B − V colour at
the solar radius is B − V = 0.4 as opposed to an observed
value of B − V = 0.6− 0.8 (Boissier & Prantzos 1999). The
B − K colour of B − K = 3.0 is more similar to observa-
tions of B −K = 3.13 (Binney & Merrifield 1998). Over all
the model galaxy seems to be slightly bluer than the Milky
Way. This might be due to uncertain dust corrections. Ad-
ditionally, the blue luminosity is very sensitive to the very
recent (1Gyr) star formation history. As we have seen from
observations (Fig. 9) the recent star formation rate has been
below average. This effect alone can account for the differ-
ence in the blue luminosity of the model and the Milky Way.
Figure 15. Upper panel: Absolute magnitude of the model
galaxy versus time.Middle panel: Evolution of the total luminosi-
ties with time. Observed values are from: (a) Kent et al. (1991)
, (b) Pierce & Tully (1992), (c) Bahcall & Soneira (1980), (d)
van der Kruit (1986).
To calculate the scale lengths in the different bands we
have fitted an exponential in the range of 1.5 < rd < 3.0
scale lengths of the total surface density distribution. The
scale lengths increase to shorter wavelengths (Fig. 17). This
effect is weaker at earlier times. At present the B-band scale
length rd,B = 3.7kpc is a factor of ≈ 1.2 larger than the
K-band scale length rd,K = 3.0kpc . This trend is observed
and is in good agreement with other Milky Way type spiral
galaxies. de Jong (1996) investigated a sample of 86 nearly
face-on spiral galaxies and concluded that spiral galaxies of
the same type as the Milky Way have disc scale lengths that
are a factor of 1.25 ± 0.25 larger in the B-band than in the
K-band. This effect reflects the over all inside out formation
process for disc galaxies and has been found in similar stud-
ies (Boissier & Prantzos (1999) have found rd,B/rd,K = 1.5
which is also in good agreement).
In Fig 18 we show the time evolution of the K-, V-, and
B-band surface brightness. The discs had steeper profiles
and higher values for the central surface brightness in the
past. This is in good agreement with recent observations of
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Figure 16. Photometric properties versus radius. Observed
values are µK = 20.62 (star) and µB = 23.75 (diamond)
(Binney & Merrifield 1998) The observed colors are B−K = 3.13
(Binney & Merrifield 1998) indicated by the star in the lowest
panel and 0.6 < B − V < 0.8 (see Boissier & Prantzos 1999)
indicated by the error bar.
disc evolution with redshift that favour the inside-out disc
formation process (Barden et al. 2005).
Given the luminosity distributions we can compute the
variation of the mass-to-light ratio at different wavelengths
versus radius (Fig.19). In the K-band the value at the so-
lar neighbourhood is close to 0.8 if we include the mass of
the gas and the stars. Assuming a column density of dark
matter within 0.5kpc of 11M⊙pc
2 the K-band mass-to-light
ratio would be around in agreement with the observed value
Binney & Merrifield (1998). However, the observed value is
uncertain as the quantities used to calculate the mass-to-
light ratio itself have already large errors.
5 THE EFFECT OF A DIFFERENT IMF
In this section we investigate the effect of a different IMF
on the properties of our model disc galaxy. We tested the
Chabrier (2003) IMF which provides a better fit to low
mass stars and brown dwarfs in the Milky Way using the
Figure 17. Exponential scale lengths of the surface brightness
distribution measured at the different wavelengths versus time.
At shorter wavelengths the disc has a larger scale length.
corresponding evolutionary models of Bruzual & Charlot
(2003). For the Chabrier IMF the fraction of gas returned
to the ISM by evolved stars is higher than for the Salpeter
IMF (Bruzual & Charlot 2003). Therefore we have changed
the parameters in Eqn. 35 to R∗ = 0.44, δ∗ = 1.5, and
τ0 = 1 × 108 to fit the corresponding return fractions of
Bruzual & Charlot (2003). We have run the model using the
Chabrier IMF with exactly the same input parameters ex-
cept the effective yield. It has been reduced to Y = 0.013
to guarantee a metallicity of 0.1 dex below the solar value
at the solar radius ≈ 4.5Gyrs ago. We have summarized
the comparison in Figs. 20 and 21. The total gas mass and
the local gas surface density are about 20% higher due to
the higher gas return fraction of the Chabrier IMF (two up-
per panels in Fig. 20). The stellar masses are reduced by
the corresponding amount. Similarly the present day local
star formation rate is about 20% higher (third panel in Fig.
20) and the mean age of the stars at the solar neighbor-
hood is reduced to 3.8Gyrs. The effect on the luminosi-
ties is stronger as the Chabrier IMF in general leads to
1.4 -1.8 times smaller mass-to-light ratios than the Salpeter
IMF (Chabrier 2003; Bruzual & Charlot 2003), e.g. the K-
band luminosity increases from LK = 4.1 × 1010LK⊙ to
LK = 7.2 × 1010LK⊙ (fourth panel in Fig. 20). The lowest
panel in Fig. 20 shows the time evolution of the local colors
that are only weakly effected by the different IMF as already
mentioned by Bruzual & Charlot (2003).
In the upper panel of Fig. 21 we show a comparison
between the radial metallicity distribution of the ISM for a
Salpeter and a Chabrier IMF. The Chabrier IMF leads to a
higher metallicity at the central region an the present day
gradient at the solar radius is increased to −0.056dexkpc−1.
The Chabrier IMF results in a larger fraction of stars with
super solar metallicity at the solar radius but the shape of
the metallicity distribution at the solar radius remains ba-
sically unchanged (lower panel in Fig. 21).
Taking the observational errors into account the proper-
ties of the model using a Chabrier IMF are as well in agree-
ment with observations, especially the metallicity gradient
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Figure 18. Evolution of the K-, V-, and B-band rest frame sur-
face brightness profiles with time. The dashed line from the left
to the right show the surface brightness profiles from early times
to now. The profiles are plotted every 1.4Gyrs. The present day
profiles is the solid line (see Fig. 16).
Figure 19. Present day disc mass-to-light ratio (stellar + gaseous
mass, the exact dark matter contribution is unknown) versus ra-
dius at different bands. Dark matter is not included here as the
exact distribution is unknown. Assuming a column density of dark
matter within 0.5kpc of 11M⊙pc2 at the solar radius the K- and
B-band mass-to-light ratios would be 1 and 1.6, respectively.
Figure 20. Comparison of the time evolution of already intro-
duced characteristic model parameters for a Salpeter IMF (thin
lines) and a Chabrier IMF (thick lines).
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Figure 21. Upper panel: Present day radial metallicity distribu-
tion of the gas for the Salpeter IMF (thin dotted line) and the
Chabrier IMF (thick solid line). The two dotted straight lines
indicate a slope of −0.07dexkpc−1 and −0.04dexkpc−1. Lower
panel: Local metallicity distribution of the stars for the Salpeter
IMF (thin dotted line) and the Chabrier IMF (thick solid line).
and the local metallicity distribution. The local value of the
gas surface density might be at the upper limit of observa-
tions (the gas distribution at the solar radius is very difficult
to measure) but could be reduced by assuming a higher star
formation efficiency. Therefore we can not conclude that ei-
ther the Salpeter IMF or the Chabrier IMF leads to model
properties that are over all in better agreement with obser-
vations.
6 THE EFFECT OF STAR FORMATION
THRESHOLDS
Martin & Kennicutt (2001) have shown that disc galaxies
show prominent breaks in their outer Hα profiles giving ev-
idence for the existence of a critical surface density beyond
which the star formation is strongly suppressed. A possible
consequence of a star formation threshold density could be
the observed truncation or outer breaks in the profile of stel-
lar discs (van der Kruit 1979; de Grijs et al. 2001). However,
other possible explanations, e.g. truncation by the maximum
angular momentum of the protogalaxy (van der Kruit 1987),
have been given as well. As we have seen in Section 2 there
is observational evidence that the stellar disc of the Milky
Way is truncated at a radius of ≈ 15kpc. In this section
we investigate whether this truncation can be caused by a
threshold gas surface density for star formation.
Based on observational constraints any star formation
law for disc galaxies will break down at gas surface densities
of
Σcrit < 5− 10M⊙pc−2, (37)
where the star formation is in general strongly suppressed
(Kennicutt 1998). However, in individual cases the ac-
tual threshold value may vary by an order of magnitude
(Martin & Kennicutt 2001) and the simple prescription is
not valid. It has been argued for a long time that gravita-
tional instabilities could determine the threshold density for
star formation (Toomre 1964; Quirk 1972; Kennicutt 1989)
by coriolis forces
Σcrit = αQ
σgasκ
πG
(38)
where σgas is the velocity dispersion of the gas, κ is the
epicyclic frequency,
κ2(r) = 2
(
v2
r2
+
v
r
dv
dr
)
, (39)
and αQ ≡ 1/Q defines an effective Toomre stability parame-
ter. Martin & Kennicutt (2001) favour a value of αQ = 0.69
corresponding to Q = 1.45 for their sample. Numerical stud-
ies of self-gravitating gas discs indicate values up to Q = 1.6
(Kim & Ostriker 2001; Kim et al. 2003) Alternatively, the
disc can be stabilised by shear forces
Σcrit = αA
σgasA
πG
, (40)
where A is the Oort constant (Hunter et al. 1998). For con-
stant circular velocities vc like in the outer parts of disc
galaxies both criteria reduce to
Σcrit = αQ
√
2σgasvc
πGr
= αA
σgasvc
2πGr
(41)
and αQ = αA/(2
√
2). Both criteria differ in the innermost
part of the disc if the circular velocity is not constant.
The above criteria only consider the theoretical case of
a purely gaseous disc. In real galaxies the stellar compo-
nent can have a destabilising effect on the gas. Wang & Silk
(1994) derived an effective stability parameter αeff taking
the stellar surface density Σ∗ and velocity dispersion σ∗ into
account
Σcrit = αeff
σκ
πG
, where αeff =
(
1 +
Σ∗σgas
Σgasσ∗
)−1
. (42)
They have successfully applied their criterion to the Milky
Way, which has recently been confirmed by Boissier et al.
(2003).
We have tested the influence of the threshold prescrip-
tions given by Eqns. 37, 41, and 42 on the evolution of
the outer parts of our model disc. For the constant thresh-
old case (Eqn. 37) we assumed a critical gas density of
Σcrit = 7M⊙pc
−2, for the Toomre based criterion (Eqn. 41)
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we used the observed value of αQ = 0.69 and a velocity dis-
persion of the gas of σgas = 6kms
−1. For the third version
we assumed a stellar velocity dispersion based on Q =1.6
to compute αeff . We mimicked the fluctuating nature of the
gas surface density at a given radius by randomly drawing a
surface density from a Gaussian with a mean of the model
surface density and a dispersion of 10% that is compared to
the threshold value. This procedure guarantees that some
star formation can occur even in regions where the mean
surface density is below threshold. As soon as the gas den-
sity drops below the critical density we let the star formation
rate cease immediately
ΣSFR(r, t) = 0 for Σgas < Σcrit. (43)
We focus on effects on the outer disc at radii larger
than 7kpc. In the central parts a simple threshold prescrip-
tion is less meaningful due to the limitations of some of the
prescriptions (see above) and the uncertain influence of a
central bulge or bar component which is not explicitly in-
cluded in our model. The effect of the cutoff on the outer
mass, gas and the K-band light distribution is shown in Fig.
22. At radii smaller than ≈ 12kpc, the cutoff has almost no
effect. At radii of about 12−13kpc the cutoff models produce
a sharp decline in the stellar distribution in agreement with
observations of the Milky Way and external disc galaxies.
The effect on the K-band light profile is shown in the low-
est panel of Fig. 22. All models produce a similar behaviour.
The gas surface density is slightly increased compared to the
model without threshold at radii larger than 12kpc and is
qualitatively in better agreement with observations. Other
physical mechanisms might be important for disc trunca-
tions as well (see e.g. Schaye 2004). However, based on this
model we conclude that even a simple recipe for star for-
mation cutoff can be successfully implemented in analytical
models and producing truncated present day stellar discs in
good agreement with observations, Qualitatively our results
are in agreement with previous models by Chiappini et al.
(1997, 2001) who used fixed threshold value. At the solar
neighbourhood a cutoff leads to a delayed onset of star for-
mation (Fig. 23). For all models the star formation sets in
after ≈ 5− 6Gyrs.
7 SUMMARY & CONCLUSION
We have presented a simple model for the evolution of the
Milky Way in a cosmological context. We start with the
current observed gross properties of the Galaxy. Assuming
simple scaling relations derived from the standard properties
of a concordance ΛCDM cosmological model that determine
the time evolution of the infall rate onto the galaxy and also
the time dependence of the rotation curve we have our back-
bound state. We supplement this with a standard star for-
mation prescription, and chemical evolution models assum-
ing a Salpeter IMF and are able to reproduce a large number
of observed global and local properties of the Milky Way to
a similar accuracy as previous successful models for chem-
ical evolution and chemo-spectrophotometric models (e.g.
Chiappini et al. 1997; Prantzos & Silk 1998 and references
therin). However, in contrast to most previous models the
evolution of the infall rate itself with time and radius is not
a free parameter in the model presented here.
Figure 22. The stellar surface density (upper panel), the gas
surface density (middle panel) and the K-band light distribution
(lower panel) without star formation cutoff (solid line) and with
cutoff for three different prescriptions for the critical surface den-
sity: constant at 7M⊙pc−2 (dotted), based on the instability of
the gas disc (dashed) and based on the instability of the combined
stellar and gaseous disc (dashed-dotted).
Globally, the gas infall rate and the star formation rate
are almost constant with time at ≈ 2 − 4M⊙yr−1 during
the evolution of the disc. The total mass of the present
day model galaxy in stars and in gas is 2.7 × 1010M⊙ and
9.5 × 109M⊙, respectively, and the disc has an absolute K-
band magnitude of −23.2. The present day scale length at
longer wavelengths is shorter than at shorter wavelengths.
The mean age of long lived stars at the solar neighbour-
hood is about 4Gyrs. Presently, the local surface density
of the stars and gas are 35 and 15M⊙pc
−2, respectively.
We have been able to reproduce a narrow metallicity dis-
tribution of the stars at the solar radius with a peak at
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Figure 23. Star formation history at the solar neighbourhood for
different models of cutoff. In general, star formation cutoff leads
to a later onset of star formation and a slightly younger age of
the solar neighbourhood. (see Fig. 9)
[Z/Z⊙] = −0.1 and a radial gradient of −0.046dexkpc−1
which has been significantly steeper in the past. We have
tested different threshold density prescriptions for star for-
mation that all lead to a truncation of the stellar disc at
about 12kpc. Changing the IMF from Salpeter to Chabrier
leads to an increased gas content and higher luminosities of
the model galaxy. The present day metallicity gradient is
steeper and the local metallicity distribution is only weakly
affected. Based on our results we can not decide whether a
Chabrier IMF or a Salpeter IMF leads to a better agreement
with observations. In total we have been able to produce well
the local age and metallicity distributions and the star for-
mation history which provide the local fossil record of our
Galaxies’ evolution.
The model described here is, of course, over simplified.
Several physical processes that are likely to play a role dur-
ing the formation of disc galaxies have been excluded. In
the following we mention only a few processes that might
have an influence on the over all results: In the hierarchical
framework, disc galaxies do not only grow continuously by
smooth accretion of gas but also in discrete steps by mi-
nor mergers and accretion of small satellites. Simulations
of disc galaxy formation have shown that not only gas is
building up the disc but a small amount (up to 10%) of old
stars that have formed within small satellites are continu-
ously added to the disc by accretion (Abadi et al. 2003b;
Meza et al. 2004). A process that is presently observed in
our Milky Way for the Saggitarius dwarf galaxy and other
small satellites (e.g. Ibata et al. 1997; Newberg et al. 2002;
Martin et al. 2004; Helmi et al. 2005). Accretion of satel-
lites might add very old stars to the solar neighbourhood
thereby increasing its apparent age. The smooth accretion
as assumed in the model can only be seen as an approximate
representation of the past integrated accretion rate. In real
disc galaxies minor mergers, satellite encounters and the pas-
sage of spiral waves might locally enhance the star formation
rate and lead to the intermittent star formation history that
is observed in the local neighbourhood (Rocha-Pinto et al.
2000a; Hernandez et al. 2000). This oscillatory behaviour
can not be reproduced by the model. In particular, we have
not been able to exactly fit the observed colours at the so-
lar neighbourhood. We have tested oscillatory star forma-
tion rates with a local depression at the solar neighbour-
hood about 1 Gyr ago and found a good agreement with
the data. The present day local and global colour of discs
can not strongly constrain any simple and generally valid
model on disc galaxy evolution. In particular, the influence
of an oscillatory star formation history on the metallicity
evolution is very small as the metallicity is basically deter-
mined by the past integrated star formation history (see also
Hirashita et al. 2001).
In this paper we have focused on the evolution of the
disc component only and did not include explicitly the effect
of gas infall from a stellar spheroidal component (halo) of the
Milky Way. This process, that has been investigated by sev-
eral authors, has been proposed (see e.g. Ostriker & Thuan
1975; Rana 1991; Wyse & Gilmore 1992) as a possible solu-
tion to the G-dwarf problem as it would provide pre-enriched
gas from halo stars. Implicitly, we have investigated this ef-
fect by allowing the metallicity of the infalling (to the disc)
gas to have the metallicity expected from gas pre-processed
through halo stars and the gas expelled form nearby dwarf
systems. The present metallicity distribution at the solar
neightborhood is determined by the almost constant gas in-
fall rate over the last 10Gyrs is only very weakly effected by
pre-enrichment. We will focus on the role of bulge compo-
nents in the framework of our model in a subsequent paper.
The influence of radial gas flows possibly triggered by
tidal interactions, infalling low angular momentum gas or
viscosity in the gas disc have been investigated by several
authors (see e.g. Portinari & Chiosi (2000) and references
therein). If important inflowing gas is likely to increase the
metallicity gradient and steepen the density profile. On the
other hand orbital diffusion of stars might flatten the gradi-
ent again. In addition, we assumed instantaneous mixing of
recycled material within one ring and avoided complicated
feedback and mixing processes that might be more or less
important in the early or late phases of the disc evolution
(see e.g. Efstathiou 2000)
All the above processes might play a role during disc
galaxy evolution but were not implicitly included in the
model. Still the presented results look very promising. We
might conclude that to first order smooth gas infall followed
by local star formation as a function of the local gas density
is the dominant process shaping the Milky Way and other
disc galaxies.
In this paper we have taken an archaeological approach
to galaxy evolution - to check if the computed history is
consistent with the local fossil record. Alternatively, one can
compare the evolution directly with the past history as seen
in for instance in the HDF or HUDF or redshift surveys
like GEMs. We will pertain to this test in a subsequent pa-
per but simply note that the evidence is consistent with
an inside-out formation scenario of discs, e.g. smaller aver-
age discs sizes at earlier times. Recent high redshift obser-
vations strongly support this scenario Ravindranath et al.
2004; Ferguson et al. 2004; Barden et al. 2005; Trujillo et al.
2005).
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